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I. Appearance o f Living Muscle in the state of rest.
I f we c u t off a lim b from one o f th e com m on larg e W ate r-b ee tle s (. nalis), rem ove a portio n o f m uscle from th e u p p e r p a rt, quickly sep a ra tin g th e fibres som ew hat from one an o th er, by m eans o f needles, on a glass slip, cover it w ith o u t a d d i tion, and exam ine th e p re p a ratio n so o b tained w ith th e aid o f a very p ow erful im m ersionobjective (such as th e No. 11 o f H arthack or th e No. 3 o f Zeiss), we find n u m ero u s m uscular fibres p resen tin g an appearance sim ilar to th a t re p re se n te d in P la te X X X I I I . fig. 1 .
T h e w ell-know n transverse bands are conspicuously seen, consisting o f b ro ad er dim * stripes (a a) a lte rn atin g w ith narrow er b rig h t ones (b b)9 th e la tte r e x h ib itin g a tran s verse line o f m inute dots (c). These bands are now very generally a d m itte d to re p re sent disks com posed of tw o entirely d istin ct substances, a rran g ed in successive series w ith th e ir planes a t rig h t angles to th e axis o f th e fib re ; an d I shall, for convenience of description, adhere for th e p re sen t to th is notion, a lth o u g h , as I sh all afterw ards endeavour to show, th e difference in appearance w hich th e y p resen t m ay be accounted for otherw ise th a n by regarding th em as composed o f different m aterials.
To proceed w ith my description. E ach disk o f dim substance appears pervaded th ro u g h o u t by a n u m b er of excessively fine rod-shaped p articles o f uniform diam eter, and ra th e r d a rk e r in appearance th a n th e substance o f th e disk w hich they traverse. These particles are arranged closely and very regularly, w ith th e ir axes in a direction more or less parallel to th a t of th e fib re ; th e y ex ten d a t e ith e r end in to th e n eig h bouring disks of b rig h t substance, becom ing som ew hat less distinct as they pass into this, and finally term inatin g n ear its middle, in an enlarged knobbed extrem ity, w hich appears as a m inute d ark dot. C onsequently each o f th e bodies we are now considering, and w hich from th e ir form m ay be denom inated muscle-rods*, may be described as consisting o f a cylindrical m iddle p a rt or shaft, w hich is im bedded in th e substance o f th e dim stripe, and o f tw o enlarged ex trem ities or heads, w hich are found near th e m iddle of th e b rig h t stripe. I t fu rth e r follows th a t th ere are as m any series of muscle-rods as disks o f dim substance in th e fibre. M oreover each rod o f any one series corresponds exactly w ith one in th e n e x t follow ing series, th e ir enlarged extrem ities alm ost m eeting in th e m iddle o f th e b rig h t su b sta n c e ; th is arrangem ent causes th e appearance o f a double row o f dots ( ) ru n n in g transversely across each b rig h t s trip e f.
I t m ust be observed, however, th a t in such a p re p a ratio n as is nere spoken of, th e appearance represented in th e figure, alth o u g h very common, is by no m eans th e only one th a t presents itself. A ll th e variations, how ever, th a t are m et w ith are accompanied and, as w ill be hereafter shown, in all p ro b ab ility caused by variations eith e r in th e relative position or in th e form o f th e m uscle-rods. T h u s we n o t unfrequently find fibres in w hich th e rod-heads o f contiguous series, instead o f being in m ore or less close apposition in th e m iddle of th e b rig h t disk, are separated by a distinct b rig h t interval ; this is more especially th e case w hen th e m uscular fibre hap p en s to be som ew hat stretched.
Sometimes a g reater or less n u m b er o f th e rods o f neig h b o u rin g series are shifted abruptly upon th e re st in a lo n g itu d in al direction, so m uch so th a t th e ir heads may come to be opposite th e m iddle o f th e shafts of th e rem ainder (see fig. 1 ). In such cases th e transverse striae also becom e correspondingly shifted. T his fact would o f itself alm ost preclude th e conception o f th e existence of continuous m em branes extending across th e fibre, an idea w hich has been largely prevalent o f la te years.
T he variations w hich occur in th e fo rm o f th e muscle-rod dependent upon th e relation in size w hich subsists betw een th e shafts and th e ends, these seeming to be in inverse ratio w ith one another. T h u s th e shafts are n o t unfre quently increased in length, th e heads a t th e same tim e becom ing sm aller and closer to those of the n e x t series, so th a t a double row o f dots is no longer seen in th e m iddle
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of th e b rig h t stripe, having becom e m erged in to a single d a rk transverse streak, having a g ra n u la r look.
I f we im agine th is process to go on still fu rth e r-th a t is to say, i f th e shafts go on increasing in size a t th e expense o f th e rod-heads u n til each m uscle-rod is o f uniform diam eter th ro u g h o u t, th e ends o f th e rods o f different series bein g in close apposition, it m ay w ell be im agined (th e sm allness o f th e objects w ith w hich we have to deal b ein g taken in to consideration) th a t it w ill be extrem ely difficult to d etect th e p oints o f ju n c tion betw een th e rods o f .successive series. I n th is w ay th e continuous lo n g itu d in a l fibrillation w hich is often seen in th e m uscles o f th e W a te r-b e e tle m ay be accounted for. T h a t each fibril, how ever, is n o t in re a lity co n tin u o u s th ro u g h o u t th e fibre, b u t consists o f a succession o f sh o rte r units, th e ends o f w hich are in close apposition, is shown, n o t only by th e phenom ena w hich occur w hen such a m u scu lar fibre is th ro w n into contraction, and w hich w ill be referred to fu rth e r on, b u t also by th e appearances presented w hen a p o rtion o f th e fibre comes u n d e r observation in w hich th ese u n its are throw n in to zigzag instead o f lying in th e sam e stra ig h t line, in w hich case th e angles o f th e zigzag re p re se n t th e po in ts o f ju n c tio n o f th e m uscle-rods.
I t is w orthy o f n o te th a t in a ll fibres lik e th a t w e are now considering (th a t is to say, all in w hich th e rod-heads a re o f th e sam e d ia m e ter as th e sh aft, so as no lo n g er to appear as d istin ct objects), th e b rig h t transverse bands have en tirely disappeared, and th e substance betw een th e rods is of a uniform ap p earan ce th ro u g h o u t.
I I . Appearance o f Contracted Muscle.
I n contracted m uscle ( fig. 2, C ) w e observe, besides th e g en eral increase in thickness of th e fibre and th e a p p ro x im atio n o f th e cross striae, th a t th e la tte r have becom e com pletely altered in character. D a rk and lig h t transverse strip es now ap p ear, w hich are o f nearly equal s iz e : th e form er, instead o f bein g m erely dim as in th e restin g m uscle, have a decidedly d a rk a s p e c t; th e lig h t stripes, on th e o th e r h an d , p resen t a very b rig h t appearance, w ith o u t any indication o f a row o f dots, b u t w ith som etim es a fa in t longi tu d in a l streaking.
I n order to explain th is difference betw een a fibre a t re st and th e sam e fibre in th e contracted state, it is necessary to follow a ll th e stages o f th e process. O w ing to th e extrem e suddenness and ra p id ity w ith w hich th e co n tractio n supervenes, and th e am ount o f displacem ent w hich im m ediately precedes an d accom panies it, it becom es a m atter o f exceeding difficulty to follow th e details o f th e process w ith th e h ig h pow ers w hich it is necessary to employ. H ow ever, it has occasionally hap p en ed to m e to observe a contraction proceeding a t a very m uch less ra p id ra te , and in such cases it was possible to m ake o u t th e follow ing c h a n g e s:-T h e first th in g seen is th a t th e b rig h t transverse bands becom e approxim ated th ro u g h o u t th e contracting p o rtion (P ), and w ith th e m th e d ark transverse lines in th eir m iddle, w hich, as previously shown, are m ade u p o f a double row o f dots (rodheads).. A s th e contraction continues th e rod-heads becom e la rg e r, and by th is m eans 3 m 2 are b ro u g h t in to close re la tio n w ith th e n e ig h b o u rin g ones, so th a t each double line of dots (c) no lo n g er appears as such b u t as a single d a rk transverse b an d (c,), w hich separates th e b rig h t strip e (b,) in to tw o d istin c t p a rts . A s th e se d a rk transverse bands approach one an o th er, th e ir b rig h t b o rd e rs en cro ach m o re an d m ore u p o n th e dim stripe (fy), u n til th is becom es re d u c ed to a m ere lin e, an d finally disappears alto g eth er : so th a t in con tracted (C ), as com pared w ith re s tin g m uscle, th e b ro ad dim stripes are replaced by b rig h t bands (b0), th e clear strip es (b) b y d being th e o p tical sections o f th e disks w h ich a re form ed th ro u g h o u t th e fibre by the close ju x ta p o sitio n o f th e en larg ed ro d -h e a d s; th e sh afts o f th e rods have become m uch finer th a n before, so as to b e h a rd ly p e rc e p tib le as th e y cross th e now b rig h t tran s verse bands.
I I I . Transverse Section.
W h e n a sm all p o rtio n o f liv in g m u scle is q u ic k ly teazed o u t u p o n a slip o f very th in glass, to w hich it rem ains a d h e re n t, an d th e glass is th e n in v e rte d over a rin g o f p u tty on an object-slide, so th a t th e p re p a ra tio n is enclosed in an atm osphere w hich is sa tu ra te d w ith m oistu re ( S t r ic k e r 's m o ist ch am b er), w e a re som etim es fo rtu n ate enough, in exam ining it, to find one o r m o re fibres w h ich a re b e n t upw ards n e a r th e end, and o f w hich consequently w e g e t a view o f th e transverse o p tical section ( fig. 3 ). E m ploying th e N o. 11 H a r t n a c k w e observe th e fo llo w in g :-T h e cross section o f th e fibre a p p ea rs o f a ro u n d e d or som ew hat oval form , enclosed by a d istin ct co ntour lin e (section o f th e sarcolem m a), an d w ith a sm all g ra n u la r m ass in th e cen tre (c e n tra l p rotoplasm ), w hich m ay b e alm o st e n tire ly occupied by one or m ore nuclei.
T h e a re a o f th e section b etw een th e sarcolem m a an d th e cen tral protoplasm h as a m in u tely p u n c tu a te d ch aracter, th is ap p earan ce b ein g due to th e presence o f a n u m b e r o f m in u te specks scattered eq u ally over th e f ie ld ; th e intervals betw een th e m ap p ea r hom ogeneous, clear, an d b rig h t. T h is ap p earan ce is obtained to w hatever d e p th in th e fibre we focus th e m icroscope. A s fa r as can be m ade ou t, these specks correspond w ith th e rods w hich are seen in lo n g itu d in a l view. T h e sub stance in w hich they are im bedded is q u ite sim ilar in asp ect to th a t w hich composes th e b rig h t transverse disks ( fig. 1 ,5 ) ; w hy th e dim substance in w hich, in lo n g itu d in al view, th e shafts o f th e rods a p p ea r to be im b ed d ed is n o t seen, as least as such, in th e transverse section w ill becom e ev id en t w h en w e h ave tre a te d o f th e p ro d u ctio n o f th e cross striae.
IV . Cohnheim's Areas.
If, in ord er to obtain th e transverse view o f a m u scu lar fibre, we em ploy th e m ethod recom m ended by Cohnheim* (th a t is to say, if we m ake a cross section o f th e frozen muscle and exam ine it in a so-called indifferent fluid, such as th e ^ p e r cent, solution of salt), we som etim es obtain th e appearance described by h im o f dim polygonal areas, bounded by and enclosed in a netw ork o f clear b rig h t lines. I t w ould seem probable, how ever, th a t these areas are due to th e action o f th e saline so lu tio n ; for, as K o l l i k e r * has pointed out, th ey do n o t occur if th e section is exam ined fresh w ith o u t addition. A fine p u n ctu atio n has been described w ith in Cohnheim's areas*f*; th is is, how ever, b e tte r seen w hen th e lim its o f th e areas are less m arked.
I t is b u t seldom th a t I have been successful in o b tain in g Cohnheim's areas in sections o f Dytiscus-m uscle. O n th e o th e r h an d , it is n o t a t a ll uncom m on to find fibres th e section o f w hich presents th e appearance o f d a rk lines, w ith b rig h t intervals, rad iatin g from th e cen tral protoplasm ( fig. 4) . T h e lines are e q u id istan t from one an o th er, and now and th e n divide dichotom ously as th ey proceed outw ards tow ards th e sarcolem m a. T he p ictu re presented irresistibly b rin g s to m in d th e ap p earan ce o f a transverse section of an incisor to o th as seen w ith a low pow er. T h e ad d itio n o f fluid is n o t necessary fo r th e production o f th is appearance, as seems to be th e case w ith th e areas o f Cohnheim.
As regards an explanation of these appearances, I am inclined to think that the section becomes mapped out into areas of Cohnheim owing to a change which takes place in the intermediate substance between the muscle-rods, whereby, instead of being evenly diffused, this tends to collect at definite lines in the fibre, the rods which are enclosed by these becoming on this account more closely grouped, so as eventually to be no longer separately distinguishable.
T h e rad ia ted appearance above described I was a t one tim e inclined to explain in a sim ilar m a n n e r; it m ay, how ever, be due to a slig h t in clin atio n o f th e m uscle-rods tow ards th e axis o f th e fib re ; in this m anner th ey w ould ap p ear to overlap one an o th er, and so produce th e effect o f ra d ia tin g lines.
V . Ground-substance o f Muscle-Cause o f the Cross Striae.
T h e m uscle-rods do n o t form by th e ir ag g lom eration th e m u scu lar fibre, b u t are distinctly seen to be im bedded in a g r o u n d -s u b s t a n c e, th e characters o f w hich we m us now discuss.
T h is substance appears, as a rule, in lo n g itu d in al view n o t hom ogeneous, b u t, as before m entioned, to consist o f alte rn atin g disks com posed o f tw o distinct materials* o f w hich th e one in w hich th e heads o f th e m uscle-rods lie is b rig h t and clear, w hereas th a t w hich contains th e ir shafts is dim . T h e fact th a t th e b rig h t transverse bands are often seen to p resen t a slight b u lg in g opposite each o f th e rod-heads, and th a t w hen the la tte r becom e o f th e same d iam eter as th e sh aft (so as to be no longer seen as d istin ct objects) th e b rig h t bands also entirely disappear, w ould seem to show th a t th e b rig h t appearance is an optical effect produced by th e presence o f th e g lo b u lar heads.
T h a t such an explanation is a possible one is show n by th e follow ing e x p e rim e n t:-A strong solution o f gelatine is tak en , and having been ren d ered fluid by h eat, a few drops o f oil are added and th e m ixture is th o roughly shaken for a few m inutes. By th is m eans th e oil becom es susp en d ed in th e g e latin e in a state o f ex trem ely m inute subdivision. If, after th e m ass h as congealed, w e m ake a th in section from th e middle w ith a razor, and in th e section so o b tain ed ex am in e th e m in u te oil-globules w ith a h ig h pow er, th e y are seen as d a rk dots each su rro u n d e d w ith a b rig h t h alo *. I f we hap p en to come across several such little oil-globules, a rra n g ed in a row close to one an o th er, we obtain th e ap p earan ce o f a lin e o f dots in th e cen tre o f a b rig h t band.
T h e b earin g o f th is sim ple e x p e rim e n t u p o n th e p ro d u c tio n o f th e w ell-know n cross striae o f m uscle is obvious. F o r in a m u scu lar fibre th e re are re g u la rly a rra n g ed rows o f m in u te spheroids (th e g lo b u la r rod-heads), th e o p tic a l effect o f w hich m ay be con ceived to be q u ite sim ilar to th a t o f th e m in u te oil-globules in o u r ex p erim en t, viz. to m ake th e substance in w hich th e y a re im b ed d ed a p p e a r b rig h te r in th e ir im m ediate neighbourhood th a n it w ould otherw ise b e ; by th is m ean s w e o b tain th e appearance o f th e b rig h t bands crossing th e groun d -su b stan ce, w h ich h ave b een described by all p re vious observers, w ith th e excep tio n o f HEPPNERf (w ith w hom D onitz J w ould seem to agree in th is respect), as co n stitu ted by a d istin c t substance.
I t is fu rth e r to be n o te d th a t th e n e ck o f each m uscle-rod, th e p a rt w h ere th e h ead jo in s th e shaft, is com paratively in d is tin c t; th is is d u e to th e o p tical effect produced by th e proxim ity o f th e g lo b u la r head , an d is co n tra ry to w h a t one w ould be led to expect if we assum e th is p a rt o f th e ro d to b e im b ed d ed in a c learer substance th a n th e rest, fo r in such a case it w ould stan d o u t th e d a rk e r by th e co n trast. T o th is it is probably ow ing th a t previous observers have very g en erally failed in n o ticin g th e connexion of th e row o f dots w ith th e rods.
T h e appearance o f a transverse section is co rro b o rativ e o f th e view h e re ta k en o f th e p roduction o f th e b rig h t b a n d s ; for in th is case th e dots are seen sufficiently close to g eth er for th e o p tical effect p ro d u ced u p o n th e g ro u n d -su b stan ce by any one o f th em to be m erged in to th a t o f th e n e ig h b o u rin g ones, so th a t th e in te rm e d ia te substance appears uniform ly b rig h t.
T h e close re la tio n subsisting b etw een th e row s o f rod-heads an d th e ir b rig h t borders is also seen w hen a m uscle contracts, th e m ovem ents o f th e one proceeding w ith those of th e other.
A fu rth e r indication th a t th e w hole o f th e g ro u n d -su b stan ce is o f th e sam e n a tu re is to b e found in th e fact th a t, as w ill im m ed iately be shown, i t ex h ib its tow ards polarized lig h t a sim ilar behaviour th ro u g h o u t.
I n th e state o f rest th is ground-substance pervades th e w hole m u scu lar fib re ; in con-* This appearance occurs both when the globules are in focus and also when they are slightly out of the focus ; the surrounding brightness may be sometimes seen to be pretty sharply bounded by a margin, which is dimmer than the rest of the field. I am inclined to believe this to be an effect due to the interference between the rays of light which are reflected from the surface of the globule and those which are refracted through its substance.
Its bearing upon certain appearances sometimes observed in muscular fibres w ill be noticed later on. traction, however, it seems to tend more towards the middle of the muscle-rods between their shafts, thus producing bulgings at the exterior of the fibre opposite these.
V I. Appearances under Polarized Light.
A lthough a t first sight it m ay seem an easy m a tte r to determ ine w hich p arts o f a m uscular fibre are singly and w hich doubly refracting, yet, in fact (ow ing no doubt principally to th e com plex optical conditions w hich are produced by th e heterogeneity o f the structures th ro u g h w hich th e lig h t has to pass), th e re is hardly any subject in histology in w hich g re a ter difficulty occurs in arriving a t a correct result. A ccordingly scarcely any two observers w ho have carefully investigated living m uscular fibre w ith this object have arriv ed a t precisely th e sam e conclusion. O ne o f th e ch ief difficulties is th a t o f o b tain in g th e m uscular fibres in a sufficiently isolated s ta te ; for th e addition o f any fluid is q u ite inadm issible, and w ith o u t such ad d itio n isolation o f th e individual fibres is liable to be accom panied by desiccation and loss o f th e norm al stru c tu ra l appearances. O f course th e presence o f o th e r fibres u n d e r or over th e p a rtic u la r one we are exam ining m ay considerably com plicate o u r observations.
Having fully experienced the difficulties of this part of the investigation, I have taken all the more pains to arrive at a trustworthy result, and therefore feel the less diffidence in stating my own conclusions, although they differ materially from those of other observers, with the partial exception perhaps of H eppner.
T he m ethod adopted has been to m ake th e p rep aratio n u p o n a cover-glass, and to enclose it in a m oist cham ber in th e m anner already explained. I n th is way all possi bility o f pressure is avoided, and fibres are freq u en tly obtained p artially isolated from the rest and perfectly living and contractile. F o r th e purpose o f illum ination, th e oxycalcium lig h t has been em ployed. F o r observing th e optical conditions, as well as other phenom ena, o f contracting m uscle, I have found it a good plan to pass into th e moist cham ber (w hilst a fibre is u n d er observation) a ir containing a trace o f alcohol vapour. H artnack's polarization-apparatus was used th ro u g h o u t.
T h e opinion, th en , th a t I have been led to form , by a careful com parison o f th e appearances presented by m uscular fibres in th e states respectively o f rest and o f contraction, w hen placed betw een crossed Nicols, and w ith th e ir axes a t an angle o f about 45° w ith th e p rin cip al plane of eith e r prism , m ay be shortly stated as follows :-Leaving o u t o f consideration th e sarcolem m a, nuclei, &c., the whole o f the proper substance o f a muscular fibre is a n i s o t r o p o u s , with the exception o f the stru ctu res here designated muscle-rods, which are isotropous.
I f we observe u n d e r th e above conditions a living m uscular fibre in th e state o f rest, th e w hole fibre appears illu m in ated on th e d ark fie ld ; and in consequence o f th is illum ination we are able to m ake o u t th e stru c tu ra l points (such, for exam ple, as th e presence o f muscle-rods) alm ost as w ell as w hen it is illu m in ated by ordinary lig h t. I h e rods are clearly distinguishable as dim streaks on th e b rig h t g round o f th e fibre, the heads giving th e appearance, by th e ir contiguity, o f a single or double dark dotted
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line. I t m ay be objected th a t if th e rods w ere, iso tro p o u s th e y w ould stand out as black m arkings on th e b rig h t g r o u n d : b u t th is does n o t necessarily fo llo w ; for since th ey are surrounded by, an d im bedded in , th e anisotropous substance, any rays which reach th em from th e low er prism m u st o f necessity pass th ro u g h th is substance, and th u s be m ade available fo r illu m in a tio n . I n th e con tracted fibre th e co n d itio n s are d iffe re n t; fo r in th is case th e heads of th e isotropous rods are en larg ed an d in close co n tig u ity , so th a t th e re is no perceptible am ount o f anisotropous ground-substance b etw een th e m ; a n d th is b ein g th e case th ro u g h o u t th e thickness o f th e fibre, we g e t a com posite d isk o f isotropous substance produced, w hich rem ains d a rk betw een crossed N icols. O n th e o th e r han d , th e anisotro pous substance h as now becom e collected b etw een th e sh afts o f th e rods, disks o f aniso tropous substance b ein g th u s form ed, w hich a lte rn a te an d n early correspond in size w ith those o f isotropous. C onsequently we have th e effect p ro d u ced o f a series of illu m in ate d stripes w ith d a rk in tervals. T h e iso tro p o u s sh afts o f th e muscle-rods, w hich are p resen t in th e form er, do n o t stan d o u t as d a rk streak s, for th e same reason as th a t ju s t stated in th e consid eratio n o f th e m u scu lar fibre in th e state o f rest.
H eppner* has given a som ew hat sim ilar acco u n t to th a t h e re given o f th e appearance o f m uscle u n d e r polarized lig h t. H e describes a m u scu lar fibre as consisting o f only tw o substances, w hich h e te rm s respectively an d , which are disposed in a lte rn a tin g disks. T hose o f th e la tte r substance h e considers to be represented by th e d a rk g ra n u la r lin e in th e cen tre o f th e b rig h t b a n d s ; all th e rest is Hawptsubstanz. T h e la tte r, according to him , is anisotropous, th e form er isotropous.
Since th e g ra n u la r lin e re fe rre d to obviously corresponds w ith th e line form ed by th e contiguous heads o f th e m uscle-rods, it w ill be seen th a t H eppner's account, so far as th e m ere description goes, very n early agrees w ith th a t given by m e.
A n en tire corroboration o f th e statem en ts above given o f th e appearance o f resting m uscle u n d er polarized lig h t h as tu rn e d u p q u ite u n ex p ected ly in a p a p er by D r. F. M E R K E L f, w hich has u n fo rtu n ate ly only b een in m y h an d s a day or tw o, in w hich h e m akes th e follow ing statem e n t (p. 29 4 ) :-" I n a m uscular fibre a t rest, view ed u n d e r crossed N icols, th e co n tractile substance and th e te rm in al disks a p p ea r b rig h t an d c le a r ; th e in te rm e d ia te substance on th e other h an d so delicately (exquisit) singly refractin g , th a t, w hen th e field is com pletely darkened, th ere is no trace o f it to be seen : th e doubly re fra c tin g p a rts lie ap p aren tly im m ediately in contact w ith one a n o th e r." P u ttin g aside Merkel's p ecu liar nom enclature o f th e p a rts w hich, according to his view, compose th e substance o f th e m uscle, it is clear th a t th e appearance seen by him indicates th a t th e w hole fibre rem ains b rig h t u n d e r crossed N icols. advocated, in su p p o rt o f th e accuracy o f th e d escrip tio n I have given as to th e w hole o f th e m uscular fibre in a state o f re st ap p ea rin g doubly refractin g . B r u c k e states, in effect, that, in th e m uscles o f w ater-beetles in th e living co n tractile state, h e has b u t rarely been able to convince h im se lf o f th e existence o f an isotropous substance, th a t it never is so clearly seen as in dead m uscle, b u t even h e re m ay be m issed alto g eth er. V ery often so little isotropous substance ap p ears as to be only rep resen ted in th e restin g muscle by a row o f points, w hich form c o h eren t strip es only d u rin g contraction. B r u c k e rem arks th a t th is condition is probab ly th e n o rm al one d u rin g life, since h e has m ost freq u en tly com e across it in p erfectly fresh liv in g m uscle*. I t is n o t difficult to identify B r u c k e 's isotropous substance, w hich h e also term s , w ith the heads o f th e isotropous m uscle-rods above described. B u t it m ay b e asked, H ow comes it th a t in dead m u scu lar fibres, especially i f th e y have been p laced in alcohol and subsequently m o u n te d in C anada balsam o r dam m ar-varnish, even th o u g h a p p aren tly fully extended, we so often observe b ro ad a lte rn a tin g strip e s o f anisotropous and isotropous substance % T o th is I w ould answ er th a t, a lth o u g h th ese fibres are n o t actually shortened, y e t th e elem ents com posing th em h ave te n d ed to assum e th e con dition th a t o rd in arily accom panies contractio n o f th e fibre (see below ). A n d th is opinion is fully confirm ed by B r u c k e 's s ta te m e n tf, th a t th e isotropous disks are always b ro ad est in such fibres as have been p rev en ted from sh o rte n in g a t th e tim e o f d eath . I t is, in fact, as if we took a fibre th a t h a d becom e fixed a t d e a th in th e co n tracted state and m echanically stre tch e d it o u t to its o rig in al le n g th ; in w hich case we m ay readily conceive th e anisotropous an d isotropous disks w h ich a re p re sen t in th a t state o f th e fibre to be equally stre tc h e d out.
A n d h e re I am te m p te d to offer a co n jectu re resp ectin g th e pro b ab le changes w hich tak e place d u rin g th e contraction o f m uscle in th e disposition o f th e stru c tu re s w hich I have endeavoured to describe. I t is conceivable th a t th e anisotropous ground-substance is th e tru e co n tractile p a rt o f th e fibre, an d th a t i t is allied in n a tu re to ord in ary protoplasm , b u t w ith o u t th e g ran u lar c h arac te r com m only m et w ith in th e la tte r $. T h e m uscle-rods m ay be im agined to be com posed o f a labile, and a t th e sam e tim e elastic substance o f semifluid consistence, possessed o f considerable re fra c tin g pow er on lig h t, an d in all p ro b ab ility devoid o f v ital contractility.
* " Untersuehungen fiber den Bau der Muskelfasern mit Hfilfe des polarisirten Lichtes," Wiener Denkschriften, xv. p. 79. + Loc. cit. p. 80. , ' t Since the above was written my attention has been drawn to a paper by M. Schtjxtze (R eic h , und D r Bois-R eymond's Archiv, 1861), in which that author gives it as his opinion that the substance between the rod-shaped sarcous elements is the remains of the unaltered protoplasm of the embryonal muscle-cell. He would appear, however, to ascribe to it rather a nutrient than a contractile function, still looking upon these -as the active elements of the fibre.
MDCCCLXXIII.
W h e n a p o rtio n o f m uscle is called in to activ ity , th e c o n tra c tile substance, or a t least th a t p o rtio n o f i t w hich is b etw een th e shafts o f th e ro d s, sh o rten s in th e d irectio n of th e axis o f th e fibre, sw elling o u t co rresp o n d in g ly in th e la te ra l d ir e c tio n ; th e rods consequently becom e com pressed in th e cen tre, so th a t th e su b stan ce o f w hich they are com posed tends to a c c u m u la te to w ard s th e ends. B u t th e se becom e also enlarged in a n o th e r w ay; fo r th e effect o f th e sh o rte n in g o f th e fibre w o u ld b e, first to press th e heads o f those in a d ja c e n t series a g ain st one a n o th e r, a n d th e n , by a c o n tin u a tio n o f this process, to force th e m dow n u p o n th e ir ow n sh afts, en cro ac h in g u p o n th e substance of these and becom ing la rg e r a t th e ir expense. T h e ch an g e o f fo rm m ay b e m ost ap tly com pared to th a t w hich h a p p en s w h en th e en d o f a th re a d o f glass is p u t in to a flame, th e glass as i t softens ru n n in g u p in to a sp h ero id .
W h e n th e c o n tra ctio n ceases a ll th e processes a re rev ersed : it is possible th a t elasticity o f th e m uscle-rods is a n a g e n t in re sto rin g th e fibre to its o rig in al len g th .
T o r e c a p itu la te :-T h e g e n eral re s u lt o f m y in v estig atio n s u p o n m u scu lar fibre in th e living state h a s b e en to in d u ce m e to re g a rd th e less stro n g ly re fra c tin g in te rm ed iate substance w hich pervades th e w hole fibre as th e co n tra ctile, irrita b le , a n d consequently essential p a rt o f th e m uscle, w h ereas th e m o re re fra c tin g su b stan ce (w hich, as a ru le, in th e leg-m uscles o f D ytiscus a p p ea rs in th e fo rm o f d istin c t rod -sh ap ed particles reg u larly arra n g ed , b u t u n co n n ected w ith one a n o th e r) is, X th in k , to be reg ard ed as perform ing a passive fu n c tio n o n ly , a n d co n seq u en tly as u n e sse n tial to th e id ea o f a m uscular fibre, so fa r as its fu n c tio n o f c o n tra c tility is concerned. I t is possible th a t th is substance is analogous to th a t o f w h ic h th e g ra n u le s o rd in arily fo u n d in protoplasm are com posed, b eing, how ever, in th e case o f strip e d m uscle, fo r som e reason a t p resen t unknow n to us, a rra n g e d in a definite m an n er. T h a t th e g ro u n d -su b stan ce o f m uscle is doubly re fra c tin g , w h ereas o rd in ary p ro to p lasm , su ch as th a t o f w h ich th e pale cor puscles o f th e blood a re com posed, is n o t, c an n o t b e ta k e n as a p ro o f o f dissim ilarity in n a tu r e ; for, as is w ell know n, th e su b stan ce o f w h ich th e cells o f p la in m u scu lar fibre is m ade u p (th e protoplasm ic n a tu re o f w h ich few, I im ag in e, w o u ld b e p re p a re d to deny) is also doubly refracting. A n d since, according to th e view h e re ad o p ted , th e m ore refractin g substance is to b e re g a rd ed as th e n o n -essen tial p a r t o f th e fibre, we m u st n o t be surprised i f differences occur in th e m ode o f its a rra n g e m e n t in th e m uscles of different anim als, or even in different m uscles o f th e sam e anim al. I n o th e r w ords, it does n o t seem im p erativ e th a t a ty p ical stru c tu re should b e selected to w h ich a ll striped m uscles m u st necessarily exactly co n fo rm ; b u t, on th e contrary, differences in th e a rran g em en t o f th e non-essential elem en ts m ay, an d u n d o u b te d ly do, occur w ith o u t corresponding differences in th e essential fu n ctio n al activ ity o f th e fibres.
A g re a t deal h as b een w ritte n w ith in th e la st few years w ith re g a rd to th e stru ctu re o f striped m u scu lar fibre. P reviously to 1868 th e views o f B o w m a n , as m odified by R o l l e t t , w ere very generally accepted as affording an ex p lan atio n o f m ost o f th e appear-
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ances o b serv ed ; some histologists, how ever, e. g. K olliker, w ere disposed to reg ard fibrils extending from one end o f th e fibre to th e o th e r as th e u ltim a te elem ents o f th e muscle.
In th e year m entioned, K rause, in a p ap er on th e su b ject* , drew p a rtic u la r a tte n tio n to th e transverse line in th e centre o f th e b rig h t ban d , and, looking u p o n th is as th e optical section o f a fine m em brane stretch ed transversely across th e fibre, described th e la tte r as being divided into a n u m b er o f flat com partm ents each containing a disk of solid substance in th e centre, separated from th e m em brane above and below by fluid. A t th e sam e tim e, ta k in g th e fine lines b o u n d in g th e polygonal areas described by Cohnheim in transverse sections to be th e optical section o f sim ilar m em branes running p a ra llel w ith th e axis o f th e fibre, and o f course m eetin g th e o thers p erp en d i cularly, h e described th e flat com partm ents as th u s subdivided in to a n u m b er o f muscleboxes ( . [T he transverse line b isectin g th e clear stripe was know n lo n g previously to K rause's p a p er on th e subject. I t was described by B usk and H uxley* !* as occurring in th e .muscles o f in s e c ts ; an d since th ey observed w ith m arvellous correctness th a t it was n o t so m u ch a co ntinuous lin e as a succession o f contiguous dots, it was supposed by th e m to be due to th e existence o f a row o f m in u te sarcous elem ents in te rp o la te d betw een th e row s o f la rg e r ones, w hich w ere regarded as form ing th e d a rk e r stripes o f th e fibre. T h e rod-like c h aracter o f th e so-called sarcous elem ents had also been long k n o w n : it was d istin ctly figured by Brucke ; and Sharpey h a d m ore lately draw n a tte n tio n to th e close connexion w hich exists betw een these rod-shaped particles an d th e m in u te dots com posing th e transverse line, only ju s t falling sh o rt of tracin g th e one in to th e o th e r-th is, too, b o th in th e m uscles of insects and in h u m a n m u scle$.] H ensen §, w ritin g a b o u t th e sam e tim e as K rause, gave a som ew hat sim ilar account o f th e stru c tu re o f m uscle, also draw ing especial a tte n tio n to th e ap p aren t m em brane bisecting th e lig h t s tr ip e ; as regards some points, how ever, his account was en irely a t variance w ith th a t given by K rause.
T h e n e x t c o n trib u tio n to th e subject o f any im p o rtan ce was th a t o f H eppner||, who em ployed th e still living contractile fibres o f H e assum ed th e d ark transverse line in th e m iddle of th e clear strip e to rep resen t a continuous disk composed of a substance (Zwischensubstanz) possessing a lower index o f refractio n th a n th e rest of th e fibre, and endeavoured to show, by th e assistance o f a diagram , th a t th e b rig h t appearance on each side o f it is p ro d u ced by a to ta l reflection o f th e rays o f lig h t from its surfaces-considering, from th e fact o f its sim ilar b eh av io u r u n d e r crossed Nicols, th e substance form ing th e clear strip e to b e sim ilar in n a tu re to th e re s t o f th e musclesubstance, w ith th e exception o f th e Zwischensubs b efo indication th a t th e b rig h t b an d s are d u e to such a n o p tical effect as h e described, H eppner rem arked th a t th e ir p osition becam e a lte re d acco rd in g as th e m irro r w as in clined or the stage ro tated .
Q u ite recen tly th re e im p o rta n t c o n trib u tio n s to th e stu d , b e st seen w h en th e fibre is stretch ed . H e fu r describes an exceedingly in d istin c t disk ( M i t t e l s) in th e m id th e m uscle, n o t alw ays visible, an d o ften only re p re se n te d b y a som ew hat lig h te r appear ance o f th a t strip e a t th is p a rt. T h e c o n tra ctile su b stan ce o f th e m uscle h e describes as being, in th e state o f rest, a rra n g e d on e ith e r side o f th is m ed ian disk, w ith a clear fluid sep arating it from th e te rm in a l disks above a n d below . T h e enclosure o f each m uscle-elem ent is com pleted a t th e sides by a la te ra l m em b ran e. I n co n tractio n o f th e m uscle Merkel describes th e c o n tractile substance as a t first becom ing diffused th ro u g h o u t th e m uscle-elem ent, and finally becom ing collected in th e v icin ity o f th e term in al disks. By w h at m echanism such locom otion is cap ab le o f p ro d u cin g sh o rten in g o f th e m uscle is n o t e x p lain ed^.
F logel, w ho for th e m ost p a rt em ployed m uscle o f Trombidium w hich h ad been treated w ith osmic acid, describes a fibre as divided in to co m p artm en ts, sim ilar to those described by K rause, by m eans o f transverse p a rtitio n s ( ), w hich, how ever, h e believes to be form ed by th e ju x ta p o s itio n o f g ra n u le s in te rp o la te d a t re g u la r intervals in th e course o f th e fibrils, w hich la tte r e x ten d from end to end o f th e fibre, im bedded in a ground-substance w hich is p ro b ab ly o f a fluid n a tu re . I n th e m edian p o rtio n o f each m uscle-com partm ent th ese fibrils, i f I u n d e rstan d Flogel's m ean in g a rig h t, are m ore m arked ( S a u l e n ) th a n n e a r th e tran sv erse p a rtitio n s, in th e im m ed iate n eig h b o u rh o o d of w hich th e substance is clear and hom ogeneous, b u t contains b o th above and below each transverse p a rtitio n a row o f m in u te g ra n u le s (g ra n u le -la y e r); an d since it may some tim es be seen th a t each g ra n u le lies in th e sam e lo n g itu d in a l lin e as one o f th e m inute colum ns in th e central p a rt, th e tw o a re p ro b ab ly p a rts o f th e sam e fibril. by Engelmann in h is exceedingly elab o rate artic le on th e subject. Engelmann enum e rates no less th a n te n d istin c t layers as in clud ed in each m uscle-segm ent or co m p art m ent ( M uskelfacho f K eause). E ach o f th e segm ents, according to him , is b ounded a t each end by a th in b u t w ell-m arked lay er (Zwischenscheibe), o ften a p p ea rin g g ra n u la r, and w hich is com m on to tw o co n tiguous segm ents. T h is corresponds w ith th e tra n s verse p a rtitio n o f Flogel. P assin g inw ards from th ese w e com e first u p o n a clear layer, th en a som ew hat d a rk la y er (Nebenscheibe), w hich o ften a p p ea rs to consist o f a row o f granules (th e g ra n u le -la y er o f Flogel), th e n u p o n a n o th e r clear layer, an d finally, in th e centre o f th e m uscle-com partm ent, a b ro ad dim lay er ( ), th e m iddle p o rtio n o f w hich ap pears som ew hat less dim th a n th e re st (
). E ach o f these layers is described w ith g re a t m in u ten ess by Engelmann. H e does not, how ever, m ain tain th a t th ey are a ll to b e m ade o u t in every case, b u t o nly in th o se instances in w hich a considerable in terv al separates th e stripes. H e fu r th e r asserts th a t th e transverse m a rk ings are th e only ones w hich a re m et w ith in th e living fibre in its n o rm al condition ; and in p ro o f o f th is h e states th a t th e transverse disks a p p e a r com pletely hom ogeneous w hen viewed in situ in th e living an im al (as, fo r instance, in m in u te tra n s p a re n t C rus tacea), e x h ib itin g , th erefo re, no tra c e o f lo n g itu d in a l striatio n . T h e pallisade-like arran g em en t o f th e elem ents w hich has been described is, h e m ain tain s, d u e to a change w hich occurs a t th e m om ent o f d e a th o f th e fibre, th o se p o rtio n s o f a fibre in w h ich individual rods h ave becom e visible being, according to h im , no lo n g e r irrita b le . To explain th ese so fre q u e n t appearances, Engelmann assum es th e m u scu lar , substance to be w holly com posed o f closely com pressed, elo n g ate, p rism atic elem en ts ex ten d in g th e w hole le n g th o f th e fibre, and e x h ib itin g a t re g u la r in terv als differences in chem ical and physical p ro p erties, p ro d u cin g th u s th e several transverse layers. H e conceives th a t a t th e m o m en t o f d e a th o f th e fibre a coag u latio n an d sh rin k in g o f th ese elem ents ta k e place, accom panied by expression of fluid ; and in th is w ay accounts for th e fib rillar an d g ran u lar c h aracter w hich th e transverse disks com m only ex h ib it.
O f th e accounts given by th e various a u th o rs w ith re g a rd to th e b eh av io u r o f m uscle under polarized lig h t, I have th o u g h t it b est to say n o th in g in th is place-p a rtly on account o f th e irreconcilable differences o f opinion on th e su b ject, p a rtly because th e question has already been very fully discussed in a p reced in g page.
I t only rem ains for m e briefly to p o in t o u t th e p a rts w hich, in th e several accounts here quoted, seem to correspond w ith those en u m erated by m e in d escrib in g th e ap p ear ance of th e living m uscle o f Dytiscus. B u t, first, I w ould ta k e th e o p p o rtu n ity o f expressing m y unqualified dissent from th e positive assertions o f Engelmann, above noticed, w ith reg ard to th e hom ogeneous appearance o f m u scu lar fibre in th e living state, a t all events so far as Dytiscus-m.\isc\e is concerned. I w ould affirm, on th e contrary, th a t however quickly th e p re p a ratio n is m ade (and th e q u ick er th e b e tte r), we find num erous m uscular fibres e x h ib itin g th e stru c tu re I have described, in w hich th e muscle-rods appear w ith perfect distinctness th ro u g h o u t th e w hole e x te n t o f th e fibre, and th a t such fibres are capable o f re p e ate d ly u n d e rg o in g th e m ost com plete spontane ous c o n tra c tio n : in d eed a fte r th e d e a th o f th e fibre th e d istin ctn ess o f th e picture becom es always very m u ch im p aired , a n d o ften th e s tru c tu ra l appearances become en tirely o b literated . F u r th e r , I m ay re m a rk th a t since re a d in g E n g e l m a n n 's article I have ta k en w h a t o p p o rtu n itie s offered o f e x am in in g th e m uscles o f m in u te aquatic C rustacea and insects w h ilst s till in th e liv in g b o d y , a n d as a re s u lt o f such exam ination m ay state th a t, in spite o f th e difficulties to observation offered by th e presence o f the chitinous in te g u m e n t a n d th e sm all size o f th e m u sc u la r elem en ts, th e re is no great difficulty, w ith a good im m ersion-glass, in seeing th a t th e y possess an a p p a re n t longi tu d in a l fibrillation. I f fu r th e r p ro o f w ere n eed ed , it is to b e fo u n d in an exceedingly in te re stin g p a p er by P ro fesso r W a g e n e r * , in w h ich th e ap p earan ces observable in the m uscles o f th e Corethra-larva in th e liv in g sta te a re fu lly d e tailed . B u t our subject.
T h e transverse m em b ran e o f K r a u s e an d th e n a rro w d isk o f in te rm e d ia te substance (Zwischensubstanz) o f H e p p n e r w o u ld seem to b e re fe ra b le to th e h ead s o f tw o contiguous series o f m uscle-rods, w hich, as b efo re stated , o ften m e e t in th e m id d le o f th e clear stripe. T h e te rm in a l disks o f M e r k e l , th e g ran u le-lay ers o f F l o g e l , an d th e scheiben o f E n g e l m a n n a re also, I th in k , to b e re fe rre d to th e sam e stru ctu res, w hich are by these observers correctly differen tiated in to tw o row s. T h e o f K r a u s e and E n g e l m a n n an d th e Sdulen o f F l o g e l w ould a p p e a r to co rresp o n d w th e m uscle-rods o f m y descrip tio n . T h e re re m a in th e M ittelscheibe o f M e r k e l and others, and th e lin e b etw een each tw o m uscle-series, w h ich is to be seen only in very extended conditions o f th e fibre ( Q u e r w a n d, F l o g e l ; explain these appearances, it is necessary to re v e rt to w h a t h a s been said w ith reg ard to th e m in u te oil-globules in th e ex p erim en t b efo re mentioned'!*. I t w as th e re n o ted th a t th e b rig h t halo a ro u n d each oil-globule is o fte n seen to b e bo u n d ed by a m arginal line ra th e r d a rk e r th a n th e re st o f th e field, an d p ro b ab ly to b e ex p lain ed by interference. T h e granules in m uscle (rod-heads) m u st each have a sim ilar effect u p o n th e li g h t ; and since th e y are disposed in row s, so th a t th e ir b rig h t h alo es coalesce in to b rig h t bands, these d a rk e r m argins m u st sim ilarly coalesce in to dim bands. C onsequently the edges o f th e b ro ad dim strip e (Querscheibe, P la te X X X I I I . fig. 1, a) o f m uscle w ill be caused to ap p ear som ew hat d a rk e r $ th a n th e c e n tra l p a rt (e), w h ich la tte r has been for th is reason ta k e n fo r a d istin ct la y er (
M i t t e l s c h e i b)
. O f course cular fibre all th ese effects are very m u ch m ore m ark ed th a n i f we h a d to deal w ith a single series o f granules, since o th e r row s w h ich a re som ew hat o u t o f focus contribute to increase th e re su lt §. 
T he Querwand or
Zwischenscheibe m ay p ro b ab ly be sim ilarly e x p la in e d ; for w here i appears th e row s o f rod-heads o f ad jac e n t series are so d raw n aw ay from one a n o th e r by the extension o f th e fibre th a t th e ir b rig h t b o rd ers are no lo n g er b len d ed , an d a dim line (in all p ro b a b ility re n d e red d a rk e r by in terferen ce) com es in to view b etw een them . The a rg u m en t in favour o f th e existence o f a co n tin u o u s m em b ran e across th e fibre, draw n from th e fact th a t in d en ta tio n s o f th e sarcolem m a p re tty co n stan tly occur a t this place, loses its w e ig h t w hen w e reflect u p o n th e ex trem e delicacy o f th e sarcolem m a, and th e necessity w hich m u st ex ist fo r i t to follow an y changes o f shape w hich m ay occur in th e enclosed substance. R R . P o rtio n s still a t rest. P P . C o n tractio n proceeding. C. C o n tracted p o rtio n . a ar D im stripes. b bt bu.B right stripes. c ct cir L ines form ed b y rod-heads. P ig. 3. T ransverse section o f m u scu lar fibre o f Dytiscus. T h e irre g u la r p a tch in th e centre, co n taining a ro u n d nucleus, is th e so-called c e n tra l protoplasm . Fig. 4 . T ransverse section o f m u scu lar fibre o f W a te r-b e e tle , m ade w h ilst frozen, show ing th e appearance o f ra d ia tin g lines described in th e text.
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